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SENSOK ARRAY, METHOO MANUFACTURING SENSOR ARR^Y, AND 

ULTRASONIC DIAGNOSTIC APPARATUS USING THE SAME 



BACKGROUND OF INVENTION 

1, Field of the Invention 

The present invention relates to sea^oi' arrays / metftods 
for manufdciurinq the sensor arrays, and uitrason-rr 
diagnostic apparatuses incorporatxng the same* More 
parricularly . the invention relates -o sensor array :s ^uch as 
ultrasonic probes used in uiLxdbonic diagnostic apparatuses, 
ulLxdsonic microscopes/ metal riaw detecting apparatuses, 
and t:h^ like, 

2, Description of the Related Art 

Conceraixay Lht; beickqround of the present invention, 
an ultrasonic probe used In a rronvfintional ultrasonic 
diagnostic apparatus will be described. For example/ there 
ie an ultrasonic probe disclosed in IEEE Trdnsactions on 
UtlLrdsoiiics, rerroelectrics, and Frequency Control, vol. 44, 
No. 2, M;^rc;h 1997 Hybrid Multi/Single Layer Array 
Traneducorc for Increased Signal-to-Noise Ratio. 

Fiq. 7 is a perspective view showing the main p^irt of 
an ultrasonic probft nspd in the conventional ultrasonic 
diagnostic apparatus. Fig. 8 is a perspective view showiug 
a piezoelectric oscillaLoi used in the ultrasonic probe. An 
ultrasonic probe I shown m Fig. 7 includes a substrate 2 



formed of an acoustic absorber regarded as a backing member. 
A plurality of piosoelectric oociilators 3 is fixed ou uiie 
main surface of the subsUctLe 2 in a matrix form. 

As shown in ir'ig. 8, the pie70Plprtric oscillators 3 
include* ?i plurality of laminated picsoclcctric layers 4. 
Inner electrodes 5 are formed between Lhe piezoelectric 
layers 4, An outer electrode 6 is rormed on ^^anh of the -cop 
and bottom surfarp?; of the laminated piezoelectric layers 4. 
In addition, on both endc of tihe laminated piesoelec ljl Ic 
layers 4^ via-holes 7 die luxmed. Connecting electrodes S 
ait; formed inside the via-hoies /. Every other layer of zho 
laminated piezoelectric layers 4 is polarised in a reverse 
thickness direction. The piezoelectric oscillators 3 cire 
bonded onto one main ^^urftice of the substrate 2 £)y adhGs1v<^ 
in such a manner that the main snrfares of the piezoelectric 
layers 4 are parallel to the main surface of the substrate 2. 

Furthermore^ on the plurality of pie^soelectric 
osciiictLurs 3, an acoustic matching layer 3 is formed to 
obtain acoustic matching with a human body. On the acoustic 
matching layer 9, an acoustic lens 10 is formed Lu converge 
ultrasonic beams. 

In the pi e70ft1 ftrtric oscillators 3 used in the above 
ultrasonic probe 1, the inner electrodes 5 are extracted by 
the via-holes 7 and the liX^. However, alternatively, as 
the structure and method fnr extracting the inner ©loctrodee, 
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there is a structure and method tor ^s^ytracting the inner 
el <^r!t:rndes from side surfaces of the picsoclectric 
oscillators 3/ as usually seen in multi-ldyer capacitors and 
the liKw. 

Since ^rich of the pie2o^leetric oscillators 3 uccd in 
the abovo ultrasonic probe 1 shown m Fig* 7 has a iriul Li- 
layer structure, good £uiicLiuiidlity and high-resclution 
capability can be achxevea, so rh;^r hinh sensitivity can be 
obtained, v^hen the piezoelectric oscillators 3 are 
manufactured, via-holes need to be formed wiuh hiqh 
processing piecision and electrodes need to be tormed with 
high printing prerilsinn. \^ a result, due to shrinkage 
occurring when a member ie burned, it is difficult to obtain 
linearity between the via-holes, and it is also difficult to 
cut the burned member in a matrix form. In addition, after 
cutting^ outer electrodes easily fall off. Therefore, in 
order to manufacture the piezoelectric oscillators 3, 
extremely high luduuf acturing precision is necessary. Since 
there are many prohl^^ms in tftrms of manufacturing, 
variations in characteristics easily occur « 

Similarly/ when the innei elec Ixodes 5 of the 
piezoelectric oscillators 3 are extracted from the side 
surfaces in the ultrasonic probe 1, a high processing 
precision is required in manufacturing. 
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SUMMAKY Uir* THE INVENTION 

Accordingly, it is an object of th© present invention 
to provide a sensor array that is highly sensitive and 
cupciblQ of being easily manufactured. 

It. is another object of the present invention to 
provide a method for manufacturing the above sensor array. 

In iidditiuii, II is dnothei object of the present 
invention to provide an aitrasonic diagnostir: ;ipnaratus 
using the above sensor array- 

The present invention provides ^ sensor array includiny 
Jl d iiubijirdte and a plurality of piezoelectric oscillators 

fixed on a main ?;nrf;^c#=> nf thA ?^nh?^trate in a matrix form. 
C Each of the plurality of pieaoelectric oscillatorc includes 

m a plurality of piezoelectric layers laminated in <i diittcLiuii 

y parallel to tne main surface of tne substrate, inner 

electrodes disposed between the plurality of piezoelectric 
fj layers, and outer electrodes formed on end faces of the 

pluLdliLy of piezo^ilectric layers. 
^ The pr<a5?p.nt .'inv*antion prnvid^^s a method for 

manufacturing the above sensor array. The method includes 
the step ol loimxaq a multi-layer sLrucLure in which a 
plurality ot piezoelectric layers and a plurality of inner 
electrodes are laminated, the step of forming a motherboard 
by cutting the multi-layer structure in the laminated 
direction, the step of forming outer electrodes on botn mam 



surfaces ot t.hft mnt-.herboard, the step of fixing the 
motherboard on one main surface of a substrate , and the ^L^p 
of cutting the iaotheibu<ird to yield the plurality or 
piezoelectric oscillators. 

The present invontion providcc an ultrasonic diagnostic 
apparatus including an ultrasonic piubtt/ wherein the 
ulLxasonic probe includes the above sensor ;^rr^y- 

In th<a ?;pnsor array according to rhe present invention, 
since the piezoelectric oGcillators havinc the ruulti-lay tix 
structure are used, hiyu bt;iiibitivii:y car; be ODtamea. 

in addition, as descrioed ajoove, thi? ?;en?or array can 
bft manufactured by forming the multi-layer structure in 
which the plurality of piesoelectric layers and Lht; 
plurality o£ inner electrodes are laminated/ forming the 
motherboard by cutting the multi- layer structure in the 
laminated direction, forming the outer electrodes on the 
main surfaces of the motherboard, liAiuq the motherboard on 
one of the main surfaces of the substrate, and cutting the 
motherboard into the plurality of piesoelectric oscillators. 
As a result, when the motherboard is fixed on the substraLe/ 
since Lhe outer electrodes are formed on the entire main 
surtaces of t.h^. motherboard, no high precision for 
determining positions is necessary. Thus, this method 
permits mauuIaciuLlnq ul the sensor array to be facilitated* 

In addition to T.hfit ;^hnve-dP9rribed objects of the 



presenr inventixon, other nh;jects, characteristics^ and 
advantages thereof will be clarified by the detailed 
description of embodimenLs ul the present: invenrion with 
reference to tne drawings- 

BRIEF DESCRIPTION OP THE DRAWINGS 

Fly. 1 is a block diagram ot an uitrasonxc d3agnn?;txr 
apparatus according rn eiabodiment of ths present 
invention; 

Fig. 2 is a perspective view bhowinq the main pari: or 
an ultrasonic probe used m the ultrasonic di^sgnnsric 
apparatus shown in Fig. 1; 

Fig* 3 is a perspective view showing a piezoelectric 
oscillator used in Lhe ultrasonic probe shown in ]:'ig. 2; 

Fig. 4 is an illustration showing a first step of a 
procedure for manufacturing the ultrasonic probe shown in 
Fig. 2; 

riq. 5 is an illustration showing a second step of t,h^, 
procednr<* for manufacturing the ultrasonic probe shown in 
Fig. 2; 

Fiy. 6 i:5 cin illustration Showing a third step of the 
procedure for mantifactnring the ultrasonic probe shown in 
Pig. 2; 

Fig. 7 is d ptiiSpecLive view ishowinq the main part of 
an ultrasonic probe used in a convent Tnn;^l ultrasonic 



diayautjLic apparatus; and 

Fxg. 8 is perspective view showing a picsoclcctric 
oscillator uccd in the ultrasonic probe shown in Fiq. 7. 

DiibCRIPTION OF THK PREFERRED EMBODIMENTS 

Pig. 1 ie a block diagram of an ultrasonic diacjiiosLic 
apparatus according zo an embouiiueii t of the present 
xiivention. Fig. 2 xs a perspective view .showing th^ main 
parr of .^n ultrasonic probe used m rhe ulrraconic 
diagnostic apparatus shown m Tig. 1. Fig* 3 iij a 
perspective view bUDwiiiq d piezoelectric oscillator used in 
the ultrasonic probe. An ultrasonic diagnostic apparatus 20 
shnwn in Fig, 1 includes an ultrasonic probe 22. 

The ultrasonic probe 22, as shown in Fig, 2, includes a 
substrate 24 formed of an acoustic absorber, which is 
regarded as a hanking member- On one of the main surfaces 
of the substrate 24, a plurality of piezoelectric 
oscillators 26 is fixed in a uwLiix form. Fig. 2 Shows the 
plurality of piezoelectric oscillators; 26 arranged in four 
linps. However, actually, the pidsoelectric oscillators 26 
arc arranged in many more lines. 

AS shown in Fig. 3, the piezoelectric oscillators 26 
include a plurality of laminated piezoelectric layers 2S 
formed of a material having a relative permittivity of 
sub^jLantially 2000- Between the piezoelectric layers 2^, 



inner el^»r:frodes 30 are formed. In this case^ the inner 
electrodee 3 0 arc alternately formed from une end ot the 
piezoelectric; layer 28 zo the center thereof and from the 
other end ot thf^ piezoelectric layer 28 to the center 
thereof. Purthcrmore/ on both end faces of Lhts 
piezoelectric layers 28, uutei electrodes 32 are rormed. 
Tlie one-side outer electrode '<2 mnnected to che every 
other inner electrode 30, and che other-Gidc outisr electx-ode 
32 is connected to the remainina evex'v ozh^L iuxier electrode 
30. Additiuucilly , these piezoelectric layers 2 3 ;^rp 
polarized alternately m ;^ rpverse thickness direction. 
Regarding each of the piezoelectric oscillators 2G, an outer 
dimension thereof, that is, edges o£ tht; outer electrode 32 
is bt;L to be 250 jiin, respectively, and the thickness thereof, 
that is / the difltanre between the outer electrodes 32 is cct 
to be preferably more than or equal to two times thti uuLer 
dimension in order to prevent coupling between a length 
oscillation {d3i mode) as a main mode ^r\d other unnecessary 
oscillations. For example^ the thickness of the 
picsoclcctric oscillator 2G is preferably lu be 500 \m* 

Furthermore, in each of the piezoelectric ossrillators 26, 
fiv(=» to seven piezoelectric layers 28 are preferably formed 
due to the balance between impedance matching and wave- 
reccivinq sensitivity. For example, seven piezoelectric 
layers ?ft inay be formed. Then, each of the piesoelectric 
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oscillators 26 is hnndPd onto the substrate 24 by adhesive 
such that the plurality of piezoelectric layers 28 is 
laminated in a aiieculori parallel zo the main surtace of th^ 
substrate 24/ that xs, thPt l;^minating direction of the 
piezoelectric layers is parallel to the main surface of the 
substrate . 

la rhe above piezoelectric oscillators 26, tm^. inner 
siectrod^»s "^O are alternately connectsd to rhe oppocitc 
outer electrode 32. However/ tne structure of the 
piezoelectric oscill^LuL 26 1^ not limited to this case. 
For example, the inner electrodes 3 0 m;^y not be connected to 
thp outer electrodes 32, 

Furthcriuorc, among the plurality of piesoelectrlc 
oscilldtora 26, wave-transiuitting oscillators and wave- 
receiving oscillators h;3ve diff«^r*=»nt optimum values- Thus, 
the two types of oscillators may have different 
configurations * 

Additionally, on the plurality of pieaoeiectric 
oscillfltnrs 26, an acoustic matching layer 34 is provided to 
obtain an acoustic matching with human bodies. On the 
acuusLic matching layer 34, an acoustic lens 36 is provided 
to conv<»rgp ultrasonic beams. 

The outer electrodes 32 of the piezoelectric 
oscillators 26 in Lhe ulirdsouic probe 22 are connected to a 
transmission/recepti on nmr 40 vi-^ n;^ttern electrodes (not 



shown) disposed on the acoustic itt<aucliing layer 34 and 
coiiductors (nor shown) disposed inside via-holes penetrating 
the snhstrate 24. Th« transmission/reception unit 40 sei-ves 
as a unit for driving the ultrasonic probe 22 and receiving 
ultrasonic waves. The transmission/reception unit 40 
supplies a driving signal tn the ultrasonic probo 22 to 
transmit an ultrasonic wave into a subject A. In addition, 
the transmiasion/receprion unlL 40 ^ect^xves an echo signal 
LiQiii the subject A received by the ultrasomr probe 22. 

l^hp transmission /reception unit 40 is connected to a D- 
mode processing unit 42 and a Doppler-processing unit 44. 
Thus, an ccho-recepLion aiqual for every sound ray, which is 
outpui: from the 'cransmission/reception unit 40, is input to 
thpt B-mod© processing unit 42 and the Dopplcr-proccasing 
unit 44. 

The B-mode processing unit 42 and the Doppler- 
processing unit 44 ar^ cnnn^^rrted to an image-processing unit 
46, The B-mode processing unit 42, the Doppler-processing 
unit 44 , and the image-processing unit 46 serve as linage- 
generating units. The image-processing unit 46 forms a S- 
inode image and a Doppler image based on data input from the 
D-mode processing unit 42 and the Doppltii-piocessing unit 44, 
respectively. 

The image-processing unit 4€ is connected to a display 
48. The display 48 receives an image signal from the imcjqt;- 
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processing unit 4 6 to display image iDased on the receiv<»d 
iiiMqe signal- 

The above-describod tranemiecion/reception unit 40, Lhe 
B-mode processing unit 42/ the Dopplei -processing unit 44/ 
the imdye-processing unit 46, and the dxspl^^y 4^^ are 
connected to a control unit 50. The control unit 50 
supplies a control signal to each of these units zo ooiiiiol 
the operations thereof. In additioa, various aotice signal f=^ 
£j:um the above unxts controlled by thp rnntrol unit 50 are 
input to the control unit 50. Under the control performed 
by the control unit 50/ B-mode operations and Duppler-raode 
operations ctit: pex formed. 

The control unit 50 is conn<^r:t*:^d to an operational unit 
S2- An operator operates the operational unit 52 to input 
decirable commcinds and information to Lht: control unit 50* 
The operational unit 52 is constituted Ot an oper;atinn<=il 
panel having a keyboard and other operational tools • 

Next, a description will be given of an example of the 
method for manuf actur lug the ultrasonic probe 22 used in the 
ultrasonic diagnostic apparatus 20. 

First, as shown in Pig. 4/ a multi-layer structure 29 
is formed by laminating a plurality of piezoelectric layers 
28 and a plurality ot inner eiectrodp?; ^0. in this case, 
th*=^ multi-layered structure 29 is formed by simultaneously 
firing both the piezoelectric layers 26 and ih^ inner 



electrodes 30. Fnrthermor*, the positional arrangement of 
the inner electrodes 30 can be freely changed by conijidering 
cuttincf widLhb fur later cunring/ widths necessary for 
piezoelectric oscillators 7^, and the distance between the 
piezoelectric oscillators 26 after cutting- In Fig- 4, the 
piezoelectric layers 28 and the iiiuei electrodes 30 are 
shown in a simplified manner. 

M^svt, the multi-layQr structure 2 9 :l£ cur ^.n the 
laminated direction as shown ?ig. 4, and a ruotherbuaid 31 
is formed ds £>huwii la Tic;. 5. in tals embodiment, tne 
multi-layer structure 2^ is cut mm th^ motherboard 31 
after firing the multi-layer structure 29* However/ before 
firing the multi-layer structure 29, the multi-layer 
strucLuxe 29 may be cut into the motherboard 31* wnen the 
motherboard 31 is c\\t, from the multi*layer structure 29 

before firing the multi-layer structure 29/ the motherboard 
31 can be fired after being cut. 

Then, outer electrodes 32 are formed on both main 
surfaces of the motherboard 31. 

A DC voltage is applied between the two outer 
electrodes 32, whereby the plurality of piezoelectric layftrs 
28 is polarized alternately in a reverse thickness direction. 
Further, in the present invention , for example, the 
piezoelectric l<iyt;i:i 28 may be polarized at the Intervals of 
two layers xn thf^ rf»iXJ9Lr%^ thi r:knp?is=j direcrion. In other 



words, the present: invention is not restricted tn rhf= above 
arrangement in which the piezoelectric layers ?S arc 
polarized alternately in the reverse thickness direction. 

The motherbuard 31 is bonded onto one of maxn surfrir.^f^ 
ot the substrate 24. Tn this rj^se, no high precision for a 
position at which tho motherboard 31 is bonded onto the 
substrate 24 is necessary, and any deviaLiun leads to no 
set ious proi)leias . 

Then, ?h<i 9hown in ?ig. 5. the motherboard 31 i£; cut in 
a matrix form by a dicing method or the like -co obtain Lht; 
plurality of piezoelecLr ic ubcllldlzors 26. In tnis case, no 
high precision ror cutting the motherboard is required, 
and ;?ny deviation leads to no serious problemc. In Fig. S, 
the plurality of piezoelectric oscillators 26 is atiaiiqed in 
five rows and aix columns. However, other arrangements may 
be made in ditferent niimbftr<? of rows and columns. 

After that, an acoustic matching layer 34 is formed on 
the plurality of piezoelectric oscillatots 26, and an 
acoustic lens 36 is formed on the acoustic matching layer 34, 

In the two-dimensional ultrasonic probe 22 of the 
ultrasonic diagnostic apparatus 20 adapted to Lhree- 
dimensional imagining and high-resolution pertormance, the 
pt e7n<alectric oscillators 26 having the multi-layer 
structures arc uocd* As a result, the same impedance 
mauchiriq diid wave-receiving sensitivity as those obtained m 
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the convexiLiuiMi ultrasonic probe i shown in Fig. 7 can be 
obtained/ whereby high performance can be achieved. 

Furthermore/ in the ultrasonic diayauslic apparatus 20/ 
with the use of Lhe piezoelectric oscillators 26 having the 
multi-layer structures, nn rnmplicated procedures and no 
high processing precision concerning formation of via^holeis 
and cutting in accordance with the vid-hoies are required. 
Thexelure, the manutacturxng process r:sn he simplified, and 
when tne pie7nfilectric oscillators 26 are manufactured, no 
ha,gh processing precision a.3 necessary. As a l^^uIz^ in the 
ultrasonic probe 22 shown m Fiq. 2, characteristic 
vdriations between the piezoelectri r oscillators 2 6 can be 
reduced ;^7id high-resolution performance can thereby be 
obtained. 

In addlLiuxi; in the ultrasonic probe i shown in Fig- 1, 
the piezoelectric oscillators ^ shown in Fig- 8 are arranged 
nn the substrate 2 in the matrix form. When a large number 
of piezoelectric oscillators 3 are ^iiciuqed on the substrate 
2, as in the case of the above manufacturing method 
described with reference to Figs. ^ to 6/ usually, the 
piezoelectric oscillators are obtained by cutting away from 
a motherboard or a multi-layer structure on which 
piezoel P.ctric oscillators 3 are arranged in a matrix form. 

However, in the case of piezoelectric oscillaLoi.i5 3 
shown in Fiq. 8, due to variations in the positions ot the 
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vid-hoies 7, dicing in accordance wir.h the positions of zho 
via-hcl$s 7 IS required. In addition, the distance between 
the piezoelectric oscillators 3 aftex cuttinq cannor be 
adjusted. 

In contrast, in the piezoelectric oscillators 26 uccd 
in the ultrasonic diagnostic apparatus 20, with the use o£ 
the above manuIauLuiiuq uieUiiod, the complicated procedures 
and nign diraensionai precision fnr ^nrminn th*^ via-holes ar© 
not required. Moreover, this method can colvc problems 
occurring when dicing is performed. 

Xu addition, in the ultrasonic probe 22. it is possible 
to obtain a larg<^ nnmh^^r of piezoelectric oscillators 26 
from the large-sised multi-layer structure 29 as shown in 
Fig. 4. Moreover/ when the piezoelecuiic oscillators 26 are 
obtained by cutting, it is not necessary to cut m 
anrnrdance with the via-holes. Furthermore, when the multi- 
layer structure 29 shown in Pig, 4 is formed, cutting widths, 
the widLhs ol the piezoelectric oscillators 26, and tne 
distance between the pi e7r>el<ar.tric oscillators 26 after 
cutting, which are supposed to be obtained in the later 
procedures, can be considered so thai Lhe distaiice between 
the inner electrodes can be treeiy determined, as a 
result r advantages in cost reduction and freedom in 
designing can be increased. 

m the above ultrasonic diagnostic apparatus 20, tne 



piezoelectric u^jcilldtors 26 Having specified dimensions are 
used in the ultrasonic? prnhP 01, Howw^ar, the piezoelactric 
oscillators 2€ used in the ultrasonic probe 22 may have 
other dimensions. 

rurrnermore, although the ultrasonic diagnnstirr 
apparatus 20 includes the transmission/reception unit 40 and 
the other units in addition to the ultrasonic probe 22/ 
thestt uiiits may be replaced with other units. 

The oresent invent mn nor limited to sensor arrays 
such as ultrasonic probes used m uitraconic diagnostic 
apparatuses. For example, the invention can be cipplied to 
sensor arrays used In supersonic microscopes and metal-fl^w 
detecting apparatuses. 

As described above, the present invention provides & 
sensor array that is highly sensitive; and capable of being 
easily manufactured, in addition, the invention providf=is 
the method for manufacturing the above sensor array and the 
ultrasonic diagnostic apparatus incorporating the sensor 
array. 

While the present invention has been particularly shown 
and described with reference to preferred embodiments 
LheiwI, it will be understood by those skilled in the art 
that th** fnnagofng and nthpr nhangf^p: in form and details can 
b© made therein without departing from the spirit and scope 
of the iiiveutiuii . 



WHAT IS CLAIMED IS: 



1, A sensor arr<iy comprising: 
a substrate; and 

a plurality of piezoelectric osci l lifters fixed on a 
mam surf;acf^ nf the substrate in a matrix form, each of the 
piezoelectric oscillators comprising; 

a ulurdli-cy of piezoelectric layers iamxnared Tt a 
direction parallel to the m?iir\ <?urface of zh& 
substrate; 

inner electrodes disposed bctweeu plurality of 
piezoelectric layers; and 

outer el ect.rndp.s formed on end faces of the 
plurality of piesoelcctric layers* 

2. A method for manufacturing the senssor array 
acrnrding to Claim 1^ comprising the steps oft 

forming a multi-layer structure in which a pluraliuy of 
piezoelectric layers and a plurality of inner electrodes ar^ 
laminated ; 

forming a motherboard by cutting the multi-layer 
structure in the IdiaiUdLtid direction; 

forming outer ft! Bc.t.rndft^ nn hnth main surfaces of th© 
motherboard; 

fixing the mouherLoard ua <a uictiu surface of a 
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<;nhs-hr;*te; and 

cutting the motherboard to yield the plurality of 
piezoelttctxic oscillators. 

3. An ultrasonic diagnostic apparatus cois^xtsin<3 an 
ultrasonic probe ^ wherein Lhe ultidsunic probe coni^rlses tne 
sensor array according to Claim i. 



ABSTRACT OF THS DISCLOSURE 



A highly sensitive sensor array can be easily 
manufactured. An uitrasuiiic probe as the sensor array used 
in an ultrasonic diagnostic apparst-.u.c; includes a substrate 
formed of a backing meinber. On a main surface of the 
substrate, a plurality of piezoelectric uiscill^itors is fixed 
xxi ci matrix form. Each of the piezoelectric oscillators 
includes a pltir.^liry nt laminated piesoelectric layers. 
Between the pieaoclcctric layers ; inner elecrrodfts are 
formed, on each end face Liie piezoelectric layers, an 
outer electrode is formed, ine piezoeiectnc n5;r!illators 
arcs^ bonded onto the substrate by adhesive in such a manner 
that the plurality of piezoelectric layers is laminated in a 
direction p<aidliel Lu the main surface of the substrate. On 
the plurality of p1e7oelectrir: njinillators, an acoustic 
matching layer is formed, and on the acoustic matching layer, 
an acoustic lens is formed. 



-PGM ^tjRPTfl ^fG 



33TP0L=N!KCUSj 



^.23 



= JP — 9 9. 2 7 2 4 



273078 



W: 1/ 5 




Proof - 1999/09/27 




Proof - 



1999/09/27 




?roof - 1999/09/2? 



20QQH39-25 20:3-^ 



PROM .^IRPia ^PG, 




Proof I39S/ 09/27 



2000-99-25 23:05 ^CM -^OTa "^G. 



:S"=CL£MKCUS; 



=J?-992724 



S W^px. i 1 9M 2 7 B 
#iiS^ll-27307S W- 5/ n 



\ 




3 3 3 




Proof 



1999/09/27 



UNITED STATES OF AMERICA 
COMBINED DECLARATION AND POWER OF ATTORNEY FOR PATENT APPLICATION 



OFGS FILE NO. 
P/1071-1173 



As a below named inventxjr, I hereby declare that: my residence, post office address and citizenship are as stated below next to my name- that I yenly 
believe that I am the original, first and sole inventor (if only one name is listed below) or a joint inventor (if plural inventors are named) ot the subject 
matter which is claimed and for which a patent is sought on the invention entitled: 

SENSOR ARRAY, METHOD FOR MANUFACTURING SENSOR ARRAY, 
AND ULTRASONIC DIAGNOSTIC APPARATUS USING THE SAME 



COUNTRY 


APPLICATION NUMBER 


DATE OF FILING 
(day, month, year) 


PRIORITY CLAIMED 
UNDER 35 U.S.C. 119 


Japan 


11-273078 


September 27, 1999 


YBSX NO 



the specification of which is attached hereto, unless the following box is checked: 

□ was filed on as United States patent Application Number or PCT International patent 

_ (if any). 



application number 



and was amended on 



I hereby state that I have reviewed and understand the contents of the above identified specification, including the claims, as amended by any 
amendment referred to above. ^ i^. 

I acknowledge the duty to disclose all information known to be material to patentability m accordance with Title 37, Code ot Federal Regulations, 

^^*I hereby claim pnority benefits under Title 35, United States Code §119 of any foreign appHcation(s) for patent or inventor's certificate or United 
States provisional application(s) listed below and have also identified below any foreign appfication for patent or inventor's certificate having a filing 
date before that of the application on which priority is claimed: 



I hereby claim the benefit under Title 35, United States Code, § 120 of any United States application(s) listed below and, insofar as the subject matter 
of each ofthe claims of this application is not disclosed in the pnor United States application in the manner provided by the first paraffraphot Title 35, 
United States Code, §112, 1 acknowledge the duty to disclose information which is material to patentability as defined m Title 37, Lode ot l^edera/ 
Regulations, §1.56 which became available between the filing date of the prior application and the national or PCT international tiling date ot this 
application. 





UNITED STATES 
APPLICATION NUMBER 


DATE OF FILING 
(day, month, year) 


STATUS 
(patented, pending, abandoned) 



























I hereby appoint customer no. 2352 OSTROLENK, FABER, GERB & SOFFEN, LLP, and the members ofthe firm, Samuel H. Werner - Reg, No. 
18,510; Jerome M. Berliner - Reg. No. 18,653; Robert C. Faber - Reg. No. 24,322; Edward A. Meilman - Reg. No 24 735- Stanley H Lieberstem - Reg. 
No. 22 400; Steven L Weisburd - Reg, No. 27,409; Max Moskowitz - Reg. No. 30,576; Stephen A. Soffen - Reg. No. 31,063; James A. Fmder - Reg. 
No. 30,173; William O. Gray, III - Reg. No. 30,944; Louis C, Dujmich - Reg. No. 30,625 and Douglas A. Miro - Reg. No. 31,643, as attorneys with full 
power of substitution and revocation to prosecute this application, to transact all business m the Patent & Trademark Office connected therewith and to 
receive all correspondence. 

SEND CORRESPONDENCE TO: OSTROLENK, FABER, GERB & SOFFEN, LLP DIRECT TELEPHONE CALLS TO: 
1180 AVENUE OF THE AMERICAS (2 1 2) 3 82-0700 

NEW YORK, NEW YORK 10036-8403 

CUSTOMER NO. 2352 , . ,^vr i. r a. 

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and behet are believed to 
be true; and further that these statements were made with the knowledge that willful false statements and the like so made are punishable by tine or 
imprisonment, or both, under Section 1001 of Title 18 ofthe United States Code, and that such willful false statements may jeopardize the validity of 
the application or any patent issued thereon. 



FULL NAME OF SOLE OR FIRST INVENTOR 

Yoshiaki KOHNO 


INVENTOR'S SIGNATURE 


DATE 


RESIDENCE (City and either State or Foreign Country) 

Moriyama-shi, Shiga -ken, Japan 


COUNTRY OF CITIZENSHIP 

Japan 


POST OFFICE ADDRESS 

c/o Murata Manufacturing Co., Ltd., 26-10, Ten j in 2-chome, 
Nagaokakyo-shi, Kyoto- fu 617 8555, Japan 


FULL NAME OF SECOND JOINT INVENTOR (IF ANY) 

Masato YABUUCHI 


INVENTOR'S SIGNATURE 


DATE 


RESIDENCE (City and either State or Foreign Country) 

Takefu-shi, Fukui-ken, Japan 


COUNTRY OF CITIZENSHIP 

Japan 


POST OFFICE ADDRESS 

c/o Murata Manufacturing Co., Ltd., 26-10, Tenj in 2-chome, 
Nagaokakyo-shi, Kyoto- fu 617 8555, Japan 


FULL NAME OF THIRD JOINT INVENTOR (IF ANY) 


INVENTOR'S SIGNATURE 


DATE 


RESIDENCE (City and either State or Foreign Country) 


COUNTRY OF CITIZENSHIP 


POST OFFICE ADDRESS 



00472864.1 



